The synthesis and structural characterization of two families of low-valent vanadium(III) {V 6 P 4 } and vanadium(III/IV) {V 13 P 8 } phosphonate complexes are reported. Magnetic characterization is reported for representative examples.
Introduction
High-valent vanadium(IV/V) (organo)phosphates are an important sub-class of polyoxovanadates with a rich structural chemistry [1] . The chemistry of molecular examples is dominated by sphere-or bowl-like clusters that display rich host-guest chemistry [2] [3] [4] . Low-valent vanadium(III/IV) phosphonates are much rarer and tend to be extended lattice systems [1, 5, 6] . Molecular low-valent systems -the vanadium(III/IV) form of the organophosphate-templated polyoxovanadates-are rarer still; until recently Zubieta's (Ph 4 P)(Bu 4 N)[(V IV O) 6 V III {BuP(O) 2 OPO 3 } 6 ] was the sole example [7] . We recently reported straightforward synthetic routes to several new low-valent compounds, including {V 4 P 4 }, {V 5 P 6 }, {V 6 P 4 }, {V 8 P 8 }, {V 8 P 16 }, {V 9 P 3 } and {V 13 P 8 } examples [8, 9] . In this work we expand on two of these families -{V 6 P 4 } and {V 13 P 8 } -to illustrate the generality of this approach.
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Results and Discussion
In our previous work we showed that, in common with clusters of later transition ions, molecular V(III) phosphonates can be prepared from {M 3 (μ 3 -O)} building blocks. We found that these {V(III) 3 We have undertaken magnetic studies on two representative examples of the hexa-and tridecametallic families, 3 and 5. The room temperature χ M T value of 3 is 6.5 cm 3 (1) The weak exchange interactions are not surprising given precedent in the literature from dimers and trimers with related bridging motifs [9] . These J-values can be interpreted as giving an S = 3 ground state for each triangle which are then antiferromagnetically coupled to each other. This gives an S = 0 ground state but with many low-lying excited states; this is consistent with low temperature magnetization (M) vs. applied magnetic field (H) which fail to saturate up to 7 T and 1.8 K.
Complex 5 has a room temperature χ M T value of 9.94 cm 3 K mol −1 and is already decreasing rapidly with decreasing temperature (Figure 4) . χ M T plateaus in the 20-30 K region at ca. 3.7 cm 3 K mol −1 . We have not attempted to model this behaviour, but we can show that it is consistent with the odd-integer electron count arising from {V 
Experimental Section
All manipulations were conducted under anaerobic conditions (dinitrogen purged glove box and Schlenk line). Solvents were dried before using. All the vanadium compounds are very sensitive to moisture and air. X-ray data for compounds 2-4 and 9 were collected on an Oxford Instruments CCD diffractometer (Mo K α , λ= 0.71073 Å), and data for 6-8 on a on Bruker SMART CCD diffractometer using synchrotron radiation (λ=0.67090 Å and 0.69260 Å). In all cases the selected crystals were mounted on the tip of a glass pin by using Paratone-N oil and placed in the cold flow produced by an Oxford Cryo-cooling device. Complete hemispheres of data were collected using ω scans (0.3°, 30-50 s/frame). Integrated intensities were obtained with SAINT+, and they were corrected for absorption using SADABS. Structure solution and refinement was performed with the SHELX package [11] . The structures were solved by direct methods and completed by iterative cycles of ∇F syntheses and full-matrix least-squares refinement against F 2 .
Crystal data and refinement parameters are given in Tables 1 and 2 . Cif files are in electronic supplementary information. CCDC deposition numbers 760561 -760567. Table 2 . Crystal data for 6-9. 
Conclusions
From this work, and our previous work in this area, it is becoming apparent that V(III) chemistry with phosphonates has a good deal in common with Fe(III) chemistry [12] -the major difference being the high air-sensitivity of the vanadium(III) oxidation state. By subtle variations of carboxylate and phosphonate we can make two large families of cages -{V 6 P 4 } and {V 13 P 8 } -and we believe further families should also be accessible by further variation. Thus far the magnetic properties have been disappointing, but this is often the case with early investigations of new families of polymetallic compounds.
